INTRODUCTION
Rheumatoid arthritis (RA), a common autoimmune disease with pathological symptoms of swelling and inflammation, may cause severe damage to diarthrodial joints and even movement disability (Firestein, 2003) . This most common inflammatory arthritis affects 0.3-0.6% of the population in China (Zheng et al., 2010) . Although the exact pathogenesis of the disease is unknown, autoimmunity is critical in the development of RA, and recent progress in defining RA-specific autoantibodies has pointed to the involvement of different immunological pathways in this process, including B, T, and macrophage cell functions (D'Amato et al., 2010) .
Heterotrimeric G proteins play important roles in transmembrane signal transduction, as they transmit signals from the cell surface to the interior of the cell (Wettschureck et al., 2004) . Gαq, the α subunit of the Gq protein, belongs to the Gq/11 subfamily of G proteins, and is ubiquitously expressed and involved in various physiological and pathophysiological processes (Wettschureck and Offermanns, 2005; Mizuno and Itoh, 2009) . Gαq initially attracted attention in the 1990's for its physiological significance in the cardiovascular system (D' Angelo et al., 1997; Adams et al., 1998) . Transgenic mice with cardiac overexpression of Gαq develop cardiac hypertrophy, apoptosis, and heart failure (D' Angelo et al., 1997; Adams et al., 1998; Mende et al., 1998; Sakata et al., 1998) . In contrast, ablating the Gαq gene (GNAQ) or dominant Gαq inhibition prevents reactive hypertrophy and is protective against heart failure (Kina et al., 2000; Wettschureck et al., 2001; Esposito et al., 2002) . Similar mechanisms contribute to human left ventricular hypertrophy (LVH). Gαq has also been proven important in metabolic processes. The inhibition of Gq expression by Gq-antisense RNA in the liver and white fat in mice caused obesity and blunted lipolysis, and Gq overexpression increased basal GLUT4 translocation (Galvin-Parton et al., 1997; Imamura et al., 1999; Kanzaki et al., 2000) .
Recent studies have demonstrated the function and important roles of Gαq in immune regulation and autoimmunity. Studies on GNAQ knockout (Gnaq -/-) mice have indicated that Gnaq -/-B cells have an intrinsic survival advantage over normal B cells, and the Gnaq -/-mice could spontaneously develop autoimmunity against inflammatory arthritis. These data show that the Gαq protein is critically important for maintaining control of peripheral B cell tolerance induction and repressing autoimmunity (Misra et al., 2010) . Our recent data demonstrated that expressions of the Gαq protein and mRNA in peripheral blood lymphocytes (PBLs) of RA patients were significantly decreased compared with those of healthy controls (Wang et al., 2011) . In brief, these results indicated that Gαq expression is involved in the pathogenesis of RA.
Since Gαq expression is implicated in cardiovascular and metabolic disease, the relationships between allelic variations within the GNAQ promoter and these diseases have been studied and certified (Liggett et al., 2007; Frey et al., 2008; Klenke et al., 2010) . Allelic variations within the GNAQ promoter that regulate Gαq mRNA expression have not been investigated in RA. Given the importance of Gαq in RA, it is necessary to know the genetic influences of GNAQ promoter polymorphisms in RA. Here, we sequenced ~800 bp of the proximal 5ꞌ region of human GNAQ and analyzed the relationship between polymorphisms in the GNAQ promoter region and RA. In addition, we studied the relationship between different single nucleotide polymorphism (SNP) genotypes/alleles with rheumatoid factor (RF), anti-cyclic citrullinated peptides (anti-CCP), and the expression levels of Gαq mRNA in the PBLs of RA patients.
MATERIAL AND METHODS

Subjects
A total of 118 Han Chinese RA patients who fulfilled the RA classification criteria of the American College of Rheumatology 1987 revised criteria (Arnett et al., 1988) were selected from the outpatient clinic of the Department of Rheumatology, West China Hospital, Sichuan University. The mean age of the population studied was 45.63 ± 10.38 years, and the gender ratio was 96 women (81.36%) to 22 men (18.64%). We recruited 101 gender-and age-matched healthy volunteers as controls. The mean age of the control group was 47.09 ± 9.27 years, and the gender ratio was 79 women (78.22%) to 22 men (21.78%). The study was performed in the State Key Laboratory of Biotherapy of Sichuan University after obtaining the approval of the Ethics Committee of West China Hospital and the informed consent of the patients.
DNA extraction
Blood samples were obtained from the RA patients and healthy controls. Peripheral blood mononuclear cells from heparinized blood samples were isolated by standard density gradient centrifugation over Ficoll-Paque Plus (Axis-Shied PoC AS, Norway). Genomic DNA was extracted using the standard phenol-chloroform method and stored at -80°C. The DNA concentration was determined by a NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, USA).
Molecular genetic methods
Primer pairs derived from a genomic sequence (GenBank accession No. AL160278) were used for amplifying overlapping fragments (+20 to -514 and -410 to -798 bp) of the GNAQ promoter. The following primers were used for amplification and sequencing: GNAQ promoter (-410 to -798 bp) 5ꞌ-GGGTCTGGCCCCGACTTCG-3ꞌ (sense) and 5ꞌ-CCCCCTGCCCCGATT GCCA-3ꞌ (anti-sense); (+20 to -514 bp) 5ꞌ-CGGATCTGTGCTCCAGTTCAG-3ꞌ (sense) and 5ꞌ-CGGTGTGAGCGGATAGTCTG-3ꞌ (anti-sense). Briefly, GNAQ promoter segments were amplified in a PCR system with a total volume of 25 µL PCR mix containing 0.1 µg genomic DNA, 12.5 µL 2X GC buffer I, 4 µL 2.5 mM of each dNTP mixture, 0.25 µL 5 U/µL Taq polymerase, 0.5 µL 20 µmol of each primer, and ddH 2 O sufficient to make the final volume to 25 µL. The PCR conditions for the upstream fragment consisted of 95°C for 5 min, followed by 40 cycles of 95°C for 1 min, 65°C for 30 s, and 72°C for 30 s, with a final extension at 72°C for 10 min. The PCR conditions for the downstream fragment were as follows: 95°C for 5 min, and then 40 cycles were performed at 95°C for 30 s, 60°C for 30 s, and 72°C for 30 s, and a final extension thereafter at 72°C for 10 min. The products were purified with a PCR purification kit and sequenced using an ABI PRISM 3100 DNA Sequencer (Applied Biosystems, USA).
Reverse-transcription and quantitative PCR
Total RNA from PBLs was isolated by the TRIzol™ reagent (Invitrogen, USA) and reverse transcribed according to manufacturer instructions (Takara, Japan). Specific primer sequences (sense/antisense) were as described before (Wang et al., 2011) : GAPDH: 5ꞌ-GTGAACCATGAGAAGTATGACAAC-3ꞌ (sense) and 5ꞌ-CATGAGTCCTTCCACGATA CC-3ꞌ (antisense), GNAQ: 5ꞌ-GTTGATGTGGAGAAGGTGTCTG-3' (sense) and 5ꞌ-GTAGGC AGGTAGGCAGGGT-3ꞌ (antisense). A 25-µL SYBR Green II PCR mixture was used, containing 2 µL cDNA, 1 µL forward primer, 1 µL reverse primer, and 12.5 µL SYBR master mix (Takara). Quantitative PCR was performed with the iQ TM 5 and MyiQ TM RealTime PCR Detection Systems (Bio-Rad, USA). mRNA expression was normalized to GAPDH expression levels and relative expression was calculated with the 2 -∆∆Ct method (Schmittgen and Livak, 2008) .
Statistical analysis
Statistical analyses were performed with the SPSS software (version 19.0, SPSS Inc., USA). The allele and genotype frequencies were calculated by direct count. The chisquare (χ 2 ) test was used to compare allele/genotype frequencies and clinical characteristics between groups, and the Hardy-Weinberg equilibrium (HWE) of genotype distribution. Odds ratio (OR) and 95% confidence intervals (95%CI) were calculated using logistic regression. Data of Gαq expression are reported as means ± SD. P values <0.05 were considered significant.
RESULTS
To identify naturally occurring genetic variations of the GNAQ promoter, we amplified and sequenced the flanking region of the GNAQ gene extending to approximately ~800 bp in the 5ꞌ direction of the transcription initiation site. A dinucleotide variation was identified at -695/-694 (GC/TT). The genotype distribution of the polymorphisms GC(-695/-694)TT was in HWE for patients (P = 0.24) and deviated from HWE for controls (P = 0.82). Table 1 lists the genotype and allele distribution of the GC(-695/-694)TT polymorphisms in patients and controls. There was no significant difference between the 2 groups regarding allele distribution [χ 2 = 0.46; P = 0.50; OR = 1.18: (95%CI = 0.71-1.95)]. No differences in genotype distribution for the dinucleotide variation between patients and controls were detected (χ 2 = 1.10, P = 0.58).
To determine whether the GC(-695/-694)TT polymorphism at the GNAQ promoter region might influence the clinical spectrum of RA, we stratified the RA patients according to positive or negative findings for RF and anti-CCP. Of the RA patients, 94.07% (111/118) were RF-positive and 98.31% (116/118) were anti-CCP antibody-positive. According to the anti-CCP titer, the anti-CCP group was further divided into another 2 subgroups: 5 < anti-CCP < 100 and anti-CCP > 100.
As shown in Table 2 , the GC haplotype was present in the RF-negative subgroup at higher frequencies than that in the RF-positive subgroup (85.71 and 81.53%, respectively), but we did not find a significant difference between the groups (P = 0.69). Regarding stratification for anti-CCP status, no difference in allele or genotype frequencies between the 5 < anti-CCP < 100 and anti-CCP > 100 groups was found (Table 3) We measured Gαq mRNA expression by quantitative real-time PCR. Consistent with our published data (Wang et al., 2011) , Gαq expression at mRNA level in the PBLs from RA patients was significantly decreased in comparison to that in healthy individuals (P < 0.05). However, Gαq mRNA expression in RA between different SNP genotypes/alleles was not significantly different (P = 0.47) ( 
DISCUSSION
The precise etiology of RA remains poorly understood; however, evidence suggests that genetics contributes to susceptibility to RA (Orozco et al., 2006 ). An association between RA risk and the major genetic susceptibility locus, human leukocyte antigen (HLA), has been established, but HLA is thought to contribute less than one-third of the total genetic susceptibility component (Deighton et al., 1989; Wordsworth et al., 1989) , and several other non-HLA genes (such as TLR-4, PTPN22) (Kilding et al., 2003; Begovich et al., 2004; Radstake et al., 2004; Lee et al., 2005; Orozco et al., 2005) may be involved in the susceptibility to RA. When we considered the important roles of Gαq in autoimmunity and decreased expression of Gαq in the PBLs from RA patients (Misra et al., 2010; Wang et al., 2011) , we considered the GNAQ promoter region a convincing candidate gene for genetic association studies investigating susceptibility for RA. In this study, we sequenced the GNAQ promoter using a Chinese cohort of Asian ethnicity and analyzed the association between RA and GNAQ promoter polymorphism. We detected GC(-695/-694)TT within the promoter region in the samples. The dinucleotide polymorphism was described as having -695/-694 TT allele frequency of 0.467 or 0.48 in Caucasians and 0.329 in African Americans in previous studies (Liggett et al., 2007; Frey et al., 2008; Klenke et al., 2010) . Comprising 118 RA and 101 healthy controls from the Han Chinese population, the allele frequency of the -695/-694 TT polymorphism was 0.18 in RA patients and 0.21 in controls. The G(-168)A and G(-173)A variants have been identified in other reports, but the allele frequencies were different (Liggett et al., 2007; Frey et al., 2008; Klenke et al., 2010) . Frey et al. (2008) reported that allele frequencies of the G(-173)A and G(-168)A polymorphisms were rare (<0.05), and Liggett et al. (2007) reported allele frequencies of >0.05. In another report, the minor allele frequencies for the A(-173) and A(-168) alleles were 0.045 and 0.079, respectively. It is noteworthy that G(-168)A was relevant and was proven to be in linkage with GC(-695/-694)TT in the study (Klenke et al., 2010) . We did not identify the polymorphisms at the -173 and -168 sites. No other polymorphism was detected in all RA cases and controls. The distribution of these SNPs in GNAQ in this Chinese population was quite different from that in the West. To a certain extent, the genetic background of the studied populations could explain the lack of agreement between published GNAQ polymorphism genetic association studies.
The role of the GNAQ promoter polymorphism in disease initially attracted attention for its association with accelerated mortality in African-American heart failure, which was reported in an American study (Liggett et al., 2007) . They demonstrated that GC/ TT substitution eliminated Sp-1 binding to this promoter fragment. Thus, the GNAQ -695/-694 promoter polymorphism alters transcription factor binding, increases promoter activity, and reduces survival time in African-American heart failure, but not in Caucasians (Liggett et al., 2007) . Another study on cardiac hypertrophy also referred to the association between the GNAQ promoter region polymorphism and enhanced promoter activity, Gq expression, intracellular signal transduction, and increased prevalence of LVH, particularly in women (Frey et al., 2008) . Klenke et al. (2010) hypothesized and characterized the association of GNAQ promoter diplotypes with insulin resistance and obesity in polycystic ovary syndrome. They found that the A(-168) allele is functionally relevant and in linkage with GC(-695/-694)TT, and associated with decreased transcriptional activity and altered transcription factor binding. Given the importance of Gαq in autoimmunity and its decreased expression in the PBLs of RA (Misra et al., 2010; Wang et al., 2011) , polymorphisms within the GNAQ promoter might be associated with RA and might be a cause of decreased Gαq expression in the PBLs of RA patients. We sequenced the GNAQ promoter and identified a dinucleotide variation at -695/-694(GC/TT), and studied the association between this and RA in a Han Chinese population.
Unfortunately, we found no significant difference between patients and controls by allele or genotype status. The results suggest that the dinucleotide polymorphism GC(-695/-694)TT of GNAQ is not a significant risk factor for the development of RA in the Han Chinese population. This may be due to ethnic variation or the small sample size, resulting in low statistical power in this study that rendered it unable to identify the effect of this SNP on RA. This issue and the question of whether GNAQ promoter polymorphisms can impact RA will require further study in other genetic cohorts. Our results also indicate that GNAQ promoter polymorphisms may not be a cause of the decreased Gαq expression in the PBLs of RA. We speculate that the altered expression of Gαq PBLs of RA may be caused by epigenetic regulation (such as DNA methyltransferase and histone deacetylases). The epigenetic regulation of Gαq in the PBLs of RA is under investigation.
